INTRODUCTION
============

Current hypertension guidelines provide recommendations specifically for patients with diabetes mellitus, such as, for instance, intensive target of blood pressure (BP) control and initial use of inhibitors of the renin--angiotensin system \[[@R1],[@R2]\]. Current diabetes guidelines provide similar recommendations for the management of hypertension, although there is not much guidance on the management of diabetes mellitus in the presence of hypertension \[[@R3],[@R4]\]. The presence of both hypertension and diabetes mellitus confers a higher risk of cardiovascular--renal disease than the presence of either condition alone \[[@R5]\]. In addition, the presence of both hypertension and diabetes mellitus makes the management of both diseases difficult and complicated \[[@R6]\]. In a recent Chinese registry, the control rate of hypertension in patients with both hypertension and diabetes mellitus was only 14.9%, being much lower than in those patients without diabetes mellitus (45.9%) \[[@R7]\]. In spite of low control rate of hypertension, physicians are often hesitating to add more antihypertensive drugs, such as diuretics \[[@R8]\], because of the concerns for side effects, such as hypokalaemia, and potential negative effects on insulin release.

In China, diabetes mellitus is managed by endocrine physicians and hypertension mainly by cardiovascular physicians. Although patients may move between the two departments and physicians may exchange ideas and views on the management of both diseases, comparative information is scarce. We therefore performed a multicentre registry across the two departments to investigate the prevalence and management of the presence of both hypertension and diabetes mellitus and the association of albuminuria with both diseases.

METHODS
=======

Study design
------------

The present study was designed as a cross-sectional, multicentre registry in China and carried out in the departments of cardiovascular and endocrine medicine of hospitals from June 2011 to March 2012. Both departments from the same hospital were encouraged to jointly participate in the study. However, one department from another hospital was also allowed to participate. We registered consecutive patients with previously diagnosed hypertension from the departments of cardiovascular medicine and patients with previously diagnosed diabetes mellitus from the departments of endocrine medicine. The ethics committees of all participating hospitals approved the study protocol. All patients gave written informed consent.

To be eligible for inclusion, a patient had to be at least 20 years old, and was able to participate in two clinic visits 2--5 days apart. At the first clinic visit, physicians administered a standardized questionnaire to collect information on medical history, lifestyle and use of medications. BP and anthropometry were measured. At the second clinic visit, BP was recorded for the second time. Venous blood samples were drawn after overnight fasting for measurements of plasma glucose, glycosylated haemoglobin A1 (HbA1c) and serum lipids, and morning void urine samples were collected for urinary measurements. Oral glucose tolerance test (OGTT) was performed only in hypertensive patients without known diabetes mellitus.

We excluded from our study pregnant women, patients with type 1 diabetes mellitus and patients participating in other clinical studies within the preceding 3 months.

Clinical and biochemical measurements
-------------------------------------

BP was measured using a validated Omron HEM-7201 automatic oscillometric BP monitor (Omron Healthcare, Kyoto, Japan) at the first and second clinic visits. On each of the two occasions, three BP readings were obtained in the seated position after the patients had rested for at least 5 min. These six readings were averaged for statistical analysis in all patients and for the diagnosis of hypertension in patients without known hypertension. If SBP was at least 140 mmHg or DBP at least 90 mmHg, hypertension was newly diagnosed. In the presence of previously diagnosed hypertension, treatment of hypertension was defined as the use of antihypertensive medication.

Plasma glucose concentration and serum lipids were measured. In patients without previously diagnosed diabetes mellitus, OGTT was performed for the diagnosis of diabetes mellitus, which was defined as a plasma glucose concentration of at least 7.0 mmol/l at fasting or 11.1 mmol/l 2 h after ingestion of 75 g of glucose dissolved in water. In previously diagnosed diabetes mellitus, treatment of diabetes mellitus was defined as the current use of oral antidiabetic drugs and/or insulin.

Anthropometric measurements included body weight, body height and waist and hip circumferences. BMI was calculated as the body weight in kilograms divided by the body height in metres squared. Urinary routine test was performed on fresh urine samples using automatic devices at the laboratory of each participating hospitals. Urinary albumin and creatinine excretions were measured using the immunochemical method in a core laboratory certified by the College of American Pathologists ([www.cap.org](http://www.cap.org/)). In the absence of apparent urological infections on urine samples, microalbuminuria and macroalbuminuria were defined as a urinary albumin-to-creatinine ratio in the range from 30 to 299 mg/g and more than 300 mg/g, respectively. Albuminuria included both microalbuminuria and macroalbuminuria.

Definitions
-----------

Obesity and overweight were defined as a BMI of 25 kg/m^2^ or greater. Dyslipidemia was defined as a serum triglycerides concentration of 1.70 mmol/l or higher, a serum total cholesterol concentration of 5.18 mmol/l or higher, a serum low-density lipoprotein (LDL) cholesterol concentration of 3.37 mmol/l or higher, or a serum high-density lipoprotein (HDL) cholesterol concentration of 1.04 mmol/l or lower or as the use of statin or other lipid-lowering agents \[[@R9]\]. The metabolic syndrome was defined according to the National Cholesterol Education Program (NCEP) -- Adult Treatment Panel (ATP) IV criteria for Asians \[[@R10]\]. Ischaemic heart disease included myocardial infarction and angina. Myocardial infarction and stroke were self-reported.

Statistical methods
-------------------

For database management and statistical analysis, we used SAS software (version 9.13; SAS Institute, Cary, North Carolina, USA). Means and proportions were compared by the Student\'s *t* test and the Fisher\'s exact test, respectively. Continuous measurements with a skewed distribution were normalized by logarithmic transformation and represented by geometric mean and 95% confidence interval (CI). Logistic regression analyses were performed to study the associations of interest.

RESULTS
=======

Characteristics of the study participants
-----------------------------------------

Of the 2510 enrolled study participants, 51 were excluded from the present analysis because of missing information on HbA1c, leaving 2459 patients included in the present analysis. Table [1](#T1){ref-type="table"} shows the characteristics of the 1291 and 1168 study participants, respectively, recruited from cardiology and endocrinology departments. Hypertensive patients from cardiology and diabetic patients from endocrinology were significantly (*P* ≤ 0.05) different in age, SBP and DBP, pulse rate, plasma fasting glucose, HbA1c, serum total cholesterol and the prevalence of metabolic syndrome, ischaemic heart disease, myocardial infarction and stoke, but not (*P* ≥ 0.14) in sex distribution, BMI, waist-to-hip ratio, current smoking and alcohol intake, serum concentrations of triglycerides and HDL and LDL cholesterol, or the prevalence of obesity, overweight and dyslipidemia.

Presence of both hypertension and diabetes mellitus was observed in 32.9% of hypertensive patients seen in cardiology, 58.9% of diabetic patients seen in endocrinology and 45.3% of patients seen in both departments (Fig. [1](#F1){ref-type="fig"}).

![Prevalence of the common presence of hypertension and diabetes mellitus in hypertensive patients in cardiology, diabetic patients in endocrinology or patients in both departments. The prevalence is given above the bar graph with the number of subjects in the parentheses. The *P* value for the comparison between cardiology and endocrinology is also given.](jhype-34-1648-g001){#F1}

Management of hypertension
--------------------------

Table [2](#T2){ref-type="table"} shows the status of management of hypertension in patients with hypertension alone (*n* = 866) and those with the presence of both hypertension and diabetes mellitus from cardiology (*n* = 425) and endocrinology (*n* = 688), respectively.

When both hypertension and diabetes mellitus were present, the use of combination antihypertensive therapy \[25.1 versus 51.5%, odds ratio (OR) 0.31, 95% CI 0.24--0.41; *P* \< 0.0001\] and inhibitors of the renin--angiotensin system (46.7 versus 56.9%, OR 0.66, 95% CI 0.52--0.84; *P* = 0.0009) was significantly less frequent in endocrinology than cardiology.

Nevertheless, the control rate was not significantly different (*P* ≥ 0.21) between cardiology and endocrinology settings and between patients with both hypertension and diabetes mellitus and patients with hypertension alone (*P* ≥ 0.49), regardless of the definition of target BP (\<140/90 or \<130/80 mmHg).

Management of diabetes mellitus
-------------------------------

Table [3](#T3){ref-type="table"} shows the status of management of diabetes mellitus in patients with diabetes mellitus alone (*n* = 480) and those with both diabetes mellitus and hypertension from endocrinology (*n* = 688) and cardiology (*n* = 425), respectively.

When both diabetes mellitus and hypertension were present, the combination of oral antidiabetic agents and insulin was significantly less frequently used in cardiology than endocrinology (4.2 versus 21.2%, OR 0.16, 95% CI 0.10--0.27; *P* \< 0.0001).

The control rate was not different between cardiology and endocrinology (*P* ≥ 0.26) and between patients with both diabetes mellitus and hypertension and patients with diabetes mellitus alone (*P* ≥ 0.17), regardless of the definition of target glucose control (HbA1c \< 7.0 or 6.5%).

Association of albuminuria with hypertension and diabetes mellitus
------------------------------------------------------------------

The prevalence of albuminuria was significantly (*P* ≤ 0.02) higher in patients with both hypertension and diabetes mellitus (23.3%, *n* = 652) than in patients with either hypertension (12.6%, *n* = 613) or diabetes mellitus alone (15.9%, *n* = 232). The OR of albuminuria was 2.12 (95% CI: 1.57--2.86, *P* \< 0.0001) and 1.60 (95% CI: 1.08--2.38, *P* = 0.02) for the presence of both hypertension and diabetes mellitus versus either hypertension or diabetes mellitus alone, respectively.

There was significant interaction between the presence of diabetes mellitus and SBP (*P* value for interaction, 0.02), but not HbA1c (*P* value for interaction, 0.78), in relation to the prevalence of albuminuria (Fig. [2](#F2){ref-type="fig"}). The presence of diabetes mellitus significantly enhanced the association with SBP, whereas the presence of hypertension increased the risk of albuminuria at all levels of HbA1c.

![Prevalence of albuminuria in relation to SBP (a) and plasma glycosylated haemoglobin (HbA1c, b) in patients with either (dot) or both diseases (circle). The number of subjects is given in the parentheses. The *P* values for trend and interaction between the presence of diabetes mellitus and SBP or between the presence of hypertension and glycosylated haemoglobin A1c are also given.](jhype-34-1648-g002){#F2}

DISCUSSION
==========

The key findings of our multicentre registry are three-fold. First, the prevalence of both hypertension and diabetes mellitus was high, especially in the setting of endocrinology. About a third of hypertensive patients in cardiology had diabetes mellitus, and two-thirds of diabetic patients in endocrinology had hypertension. Second, the main differences on the management of hypertension and diabetes mellitus between endocrinology and cardiology lied in the less-frequent use of combination therapy for hypertension in endocrinology and for diabetes mellitus in cardiology. Inhibitors of the renin--angiotensin system, though recommended as initial or indispensable therapy by most guidelines for the management of hypertension in diabetes mellitus \[[@R1]--[@R4]\], were also less frequently used in endocrinology than cardiology. Third, the presence of both hypertension and diabetes mellitus was associated with a higher risk of albuminuria, especially in uncontrolled hypertension or diabetes mellitus. In the presence of hypertension and diabetes mellitus, control of both disease conditions was not sufficient, probably because treatment was not sufficient in either setting.

The immediate clinical implication of our finding is that physicians should intensify treatment to achieve better control of hypertension and diabetes mellitus for the prevention of target organ damage. Because of apparent divergence of treatment intensity between settings, whether a common platform for both disease conditions would improve the management should be investigated.

There are several possible explanations for the low treatment intensity of hypertension in the setting of endocrinology and of diabetes mellitus in the setting of cardiology. First, low awareness may be the main contributing factor for most patients were left untreated. Second, patients have to be referred to specialists for the combination therapy of antihypertensive and antidiabetic therapy. That to some extent may explain the under use of combination therapy. Similar explanation may also apply for the under use of inhibitors of the renin--angiotensin system for hypertension in endocrinology. Third, hypertension in the setting of endocrinology and diabetes mellitus in the setting of cardiology might be relatively mild and therefore require less treatment. BP was indeed slightly lower in hypertensive patients in endocrinology than cardiology. Plasma glucose and HbA1c were lower in diabetic patients in cardiology than endocrinology.

Our observation on the prevalence of hypertension and diabetes mellitus is in line with the results of previous studies in China \[[@R7],[@R11]\] and other countries \[[@R5],[@R12]--[@R21]\]. The presence of both hypertension and diabetes mellitus ranged from 17.3 \[[@R12]\] to 37.2% \[[@R7]\] in hypertension \[[@R7],[@R11]--[@R15]\] and from 39.6 \[[@R5]\] to 74.4% \[[@R21]\] in diabetes mellitus \[[@R5],[@R16]--[@R21]\]. When our data and previous studies are taken together, these two disease conditions are apparently often jointly present, especially in the setting of care for diabetes mellitus.

Our observation on the interaction between the presence of hypertension and diabetes mellitus and the level of SBP in relation to albuminuria indicated that in diabetic patients, hypertension may require more intensive BP control, for example to a level of 130/80 mmHg or lower, instead of 140/90 mmHg, as recommended in several guidelines on hypertension \[[@R1],[@R2]\] or diabetes mellitus \[[@R3],[@R4]\]. Our finding provided further evidence for these recommendations, although several recent guidelines amended their recommendations on the target of BP control in diabetes mellitus \[[@R22]--[@R24]\] on the basis of the evidence from a recently published trial \[[@R25]\]. This controversial issue requires more and careful research.

Our study should be interpreted within the context of its limitations. First, our study had a cross-sectional design and does not allow any causal inference. Second, albuminuria was evaluated on a single spot urine sampling. However, albuminuria and creatinine were measured in a core laboratory. A stringent quality assurance programme was implemented, including the exclusion of patients with a suspected urinary tract infection. Third, plasma HbA1c and glucose were measured in each of the participating hospitals. However, after accounting for study site, our results remained unaltered (data not shown).

In conclusion, hypertension and diabetes mellitus were often jointly present, especially in the setting of endocrinology. The management of these clinical conditions was insufficient, particularly on the use of combination antihypertensive therapy and inhibitors of the renin--angiotensin system in endocrinology and for combination antidiabetic therapy in cardiology, indicating a need for more intensive management and better control of both clinical conditions.
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Reviewers' Summary Evaluations
==============================

Reviewer 1
----------

This was an observational study on clinical practice in China regarding characteristics and drug treatment profile of patients with hypertension and diabetes at hospital departments in China. The use of a national register is a benefit. Some shortcomings in clinical practice were noticed, for example the underuse of drug combination treatment in these patients. This report is a step forward when real world data from registers are used for benchmarking and improvements of clinical care. Ideally also data from patients treated in primary healthcare could be added in the future, as most such patients are followed outside hospitals.

Reviewer 3
----------

The novelty from this paper lies in comparing the management of co-existing type 2 diabetes and hypertension in cardiology clinics and in diabetes clinics in major regional centres in China, providing interesting insights into clear differences that exist.

###### 

Characteristics of patients

  Characteristic                     Cardiology (*n* = 1291)   Endocrinology (*n* = 1168)   *P* value
  ---------------------------------- ------------------------- ---------------------------- -----------
  Men, *n* (%)                       589 (45.6)                564 (48.3)                   0.20
  Age (years)                        58.8 ± 11.5               57.7 ± 11.6                  0.03
  BMI (kg/m^2^)                      25.3 ± 3.3                25.2 ± 3.4                   0.17
  Waist-to-hip ratio                 0.89 ± 0.06               0.90 ± 0.06                  0.14
  Current smoking, *n* (%)           215 (16.7)                208 (17.8)                   0.45
  Alcohol intake, *n* (%)            212 (16.4)                197 (16.9)                   0.79
  SBP (mmHg)                         141.4 ± 16.9              132.3 ± 17.0                 \<0.0001
  DBP (mmHg)                         83.2 ± 12.2               77.1 ± 9.8                   \<0.0001
  Pulse rate (beats/min)             72.6 ± 13.2               74.8 ± 12.5                  \<0.0001
  Plasma fasting glucose (mmol/l)    5.83 (5.76--5.91)         7.86 (7.72--8.01)            \<0.0001
  Glycosylated haemoglobin A1c (%)   6.15 ± 0.99               7.57 ± 1.77                  \<0.0001
  Serum triglycerides (mmol/l)       1.43 (1.39--1.47)         1.45 (1.39--1.50)            0.48
  Serum total cholesterol (mmol/l)   4.81 ± 1.09               4.90 ± 1.15                  0.03
  Serum HDL cholesterol (mmol/l)     1.30 ± 0.34               1.31 ± 0.38                  0.31
  Serum LDL cholesterol (mmol/l)     2.88 ± 0.92               2.91 ± 0.93                  0.43
  Obesity and overweight, *n* (%)    666 (51.6)                567 (48.5)                   0.14
  Dyslipidemia, *n* (%)              950 (73.6)                830 (71.1)                   0.18
  Metabolic syndrome, *n* (%)        408 (31.6)                431 (36.9)                   0.006
  Ischaemic heart disease, *n* (%)   223 (17.3)                84 (7.2)                     \<0.0001
  Myocardial infarction, *n* (%)     54 (4.2)                  12 (1.0)                     \<0.0001
  Stroke, *n* (%)                    82 (6.4)                  53 (4.5)                     0.05

Values are arithmetic (±SD) or geometric mean (95% confidence interval) or number of patients (%). For definitions of obesity and overweight, dyslipidemia, metabolic syndrome, ischemic heart disease, myocardial infarction and stroke, see the METHODS section. HDL, high-density lipoprotein; LDL, low-density lipoprotein.

###### 

Management of hypertension

                                           Hypertension alone   Presence of hypertension and diabetes          
  ---------------------------------------- -------------------- ---------------------------------------------- ------------------------------------------------------------------------------------
  BP (mmHg)                                                                                                    
   SBP                                     140.7 ± 16.7         142.8 ± 17.2                                   139.8 ± 16.8[^b^](#TF2-2){ref-type="table-fn"}
   DBP                                     83.8 ± 12.1          82.0 ± 12.3                                    79.2 ± 10.4[^a^](#TF2-1){ref-type="table-fn"}^,^[^b^](#TF2-2){ref-type="table-fn"}
  Treated, *n* (%)                         746 (86.1)           391 (92.0)[^a^](#TF2-1){ref-type="table-fn"}   533 (77.5)[^a^](#TF2-1){ref-type="table-fn"}^,^[^b^](#TF2-2){ref-type="table-fn"}
   Monotherapy                             366 (42.3)           172 (40.5)                                     360 (52.3)[^b^](#TF2-2){ref-type="table-fn"}
   Combination therapy                     380 (43.9)           219 (51.5)[^a^](#TF2-1){ref-type="table-fn"}   173 (25.1)[^a^](#TF2-1){ref-type="table-fn"}^,^[^b^](#TF2-2){ref-type="table-fn"}
   Use of ACE inhibitors or AT1 blockers   378 (43.6)           242 (56.9)[^a^](#TF2-1){ref-type="table-fn"}   321 (46.7)[^b^](#TF2-2){ref-type="table-fn"}
  Controlled, *n* (%)                                                                                          
   SBP/DBP \<140/90 mmHg                   348 (40.2)           163 (38.3)                                     285 (41.4)
   SBP/DBP \<130/80 mmHg                   130 (15.0)           61 (14.4)                                      119 (17.3)

ACE, angiotensin-converting enzyme; AT1, angiotensin type 1 receptor; BP, blood pressure.

^a^*P* ≤ 0.05 versus patients with hypertension alone.

^b^*P* ≤ 0.05 versus patients recruited from cardiology.

###### 

Management of diabetes mellitus

                                          Diabetes alone      Presence of diabetes and hypertension   
  --------------------------------------- ------------------- --------------------------------------- ------------------------------------------------------------------------------------------
  Fasting plasma glucose (mmol/l)         8.00 (7.76--8.24)   7.77 (7.59--7.96)                       7.01 (6.83--7.20)[^a^](#TF3-1){ref-type="table-fn"}^,^[^b^](#TF3-2){ref-type="table-fn"}
  HbA1c (%)                               7.6 ± 1.9           7.6 ± 1.7                               6.9 ± 1.3[^a^](#TF3-1){ref-type="table-fn"}^,^[^b^](#TF3-2){ref-type="table-fn"}
  Treated, *n* (%)                        429 (89.4)          631 (91.7)                              288 (67.8)[^a^](#TF3-1){ref-type="table-fn"}^,^[^b^](#TF3-2){ref-type="table-fn"}
   Oral antidiabetic drugs alone          271 (56.5)          384 (55.8)                              219 (51.5)
   Insulin alone                          69 (14.4)           96 (14.0)                               49 (11.5)
   Oral antidiabetic drugs plus insulin   89 (18.5)           146 (21.2)                              18 (4.2)[^a^](#TF3-1){ref-type="table-fn"}^,^[^b^](#TF3-2){ref-type="table-fn"}
  Controlled, *n* (%)                                                                                 
   HbA1c \< 7.0%                          215 (44.8)          291 (42.3)                              165 (38.8)
   HbA1c \< 6.5%                          140 (29.2)          178 (25.9)                              117 (27.5)

HbA1c, glycosylated haemoglobin A1c.

^a^*P* ≤ 0.05 versus patients with diabetes mellitus alone.

^b^*P* ≤ 0.05 versus patients recruited from endocrinology departments.
